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(1) Field of the invention. 

The present invention relates to polymerizable compositions, 
5 polymerized resins, and in particular fast curing compositions at room 
temperature as well as to a polymerization process for making such resin. 

The polymerized compositions and the polymerization process of the 
invention are particularly useful for making transparent optical articles such as 
lenses, prisms, optical fibers, filters or for making different types of substrates, 
10 such as information recording substrates. 

The polymerizable composition and the polymerization process of the 
invention are also specifically suited for. making various coatings and in 
particular coatings for optical applications. 
(2) Description of the prior art 

Transparent plastic materials are widely used in the optical field and 
particularly in the ophthalmic field for their lightness, high impact resistance. 

Optically transparent plastic materials having a high refractive index 
no -1.6 or even higher have been developed recently which render it possible to 
manufacture optical articles such as lenses of lower thickness for an equivalent 
20 corrective power (optical power). 

EP 0.921.417 discloses a polymerizable composition comprising a 
sulfur-containing compound having at least one episulfide functionality, a 
compound having one ore more active hydrogen atoms in one molecule, at least 
one of the active hydrogen atoms being an active hydrogen atom other than 
hydrogen atom of SH group, and optionally a polymerization catalyst 

Among the cited polymerization catalysts are . the phosphines. The 
disclosed phosphines include trialkylphosphines and tricycloalkylphosphines, 
triphenylphosphine, tribenzilphosphine, tri(alkylphenyl)phosphines, dialkyl and 
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dicycloalkylplienylphospliiQes, alkyl and cycloalkyldiphenylphosphiaes, and 
cHorodiphenylphosphine. 

Document EP 0.942.027 discloses a polymerizable composition 
comprising a (thio)epoxy compound having at least one intramolecular disulfide 
5 bond and a polymerization catalyst. Among the numerous polymerization 
catalysts that can be used, trialkylphosphines and triaiylphosphines are cited. 

Unfortunately, the polymerization of these polymerizable compositions 
needs a long thermal polymerization cycle, generally between 8 hours to 17 or 
more in order to obtain fully polymerized articles. 

10 

SUMMARY OF THE INVENTION 

• ■ 

Thus, the aim of the present invention is to provide polymerizable 
compositions for making optically transparent resins which are thermally 
15 polymerizable and preferably polymerizable at room temperature in a short time 
cycle. 

A further object of the invention is to provide polymerizable 
compositions as above which result in polymerizable resins having a high 
refractive index of 1.6 or more, and preferably of 1.7 or more. 
20 The invention also concerns a polymerization process for making 

* 

optically transparent resins which necessitates shorter time than the prior art 

m 

processes. 

The invention further concerns optical articles such as lenses made of the 
resins resulting from the polymerization of the polymerizable compositions. 
25 It has now been discovered that, by using an effective amount of an 

alkoxyphenylphosphine as part of the catalyst or preferably as the sole catalyst 
in polymerizable compositions including at least one episulfide monomer, it 
was possible to use very short polymerization cycles while still obtaining a 
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polymerized resin which is optically transparent and free of striations and 
having good mechanical, scratch and heat resistance properties. 

According to the present invention, there is a risk provided thermally or 
room temperature polymerizable compositions for making optically transparent 
resins and comprising at least one polymerizable monomer having at least one 
episulfide functionality and an effective amount of a polymerization catalyst, 
comprising a phosphine having at least one alkoxyphenyl group. More 
specifically, the polymerization catalyst is selected from phosphines of formula 
0): 




(OR)y 




CO 



x 



and mixtures thereof, in which R and R' are alkyl groups, x is an integer 
from 1 to 3, y is an integer from 1 to 3 and z in an integer from 0 to 2 with the 
15 proviso mat x+z = 3, t is 0, 1, 2 or 3. 

Preferably, the catalyst consists solely in the (alkoxyphenyl)phosphine of 
formula Q) or a mixture of these phosphines. 



20 



DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED 

EMBODIMENTS 



The (alkoxyphenyl)phosphine catalyst of formula (I) may comprise 1 to 
3 alkoxyphenyl groups (x is 1, 2 or 3). The preferred (alkoxyphenyl)phosphine 
catalysts of formula (I) are tris(alkoxyphenyl)phosphines (i.e. : z = 0) 
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The alkoxyphenyl groups of the phosphines of formula (I) may be 
monoalkoxy, dialkoxy or trialkoxyphenyl groups. 

Preferably, the alkoxyphenyl groups are mono and dialkoxy groups, most 
preferably monoalkoxy groups. 
5 The alkyl radical R in the alkoxy groups OR is generally selected from 

C r C 6 alkyl groups, preferably C4-C4 alkyl groups. Most preferably, R is CH 3 . 

In mono alkoxyphenyl groups, the alkoxy group is usually in position 3 
or 4 on the phenyl ring, preferably in position 4. In the dialkoxyphenyl group, 
the alkoxy groups are preferably in position 2 and 6 of the phenyl ring whereas 
10 in trialkoxyphenyl groups, the alkoxy groups are preferably in position 2, 4 and 
6 on the phenyl ring. 

The alkyl radical R' is generally selected from Q-Q alkyl groups, 
preferably C1-C4 alkyl groups, such as methyl, ethyl and propyl. 

The most preferred phosphine catalysts are tris(monoalkoxy)phosphines. 
15 Among the preferred alkoxyphenylphosphines of formula (T), there may 

be cited tris(3-metho>^henyl)phosphine, tris(4-methox^henyl)phosphine, 
tris(2,6-dimethoxyphenyl)phosphine and tris(2,4,6-trimethoxy- 
phenyl)phosphine. The most preferred phosphine is tris(4- 
methoxyphenyl)phosphine which gives the best compromise between a fast 
20 polymerization reaction and a non charring system. 

The alkoxyphenylphosphine catalyst shall be used inthe polymerizable 
compositions in an effective amount i.e. an amount sufficient to promote the 
polymerization, particularly the room temperature polymerization, of the 
composition. 

25 • The effective amount of phosphine catalysts will obviously depend upon 

the phosphine catalyst itself and the nature of the monomer or mixture of 
monomers of the composition in order to obtain a fast polymerization while 
avoiding charring of the system. 
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Generally, the phosphine catalyst will be present in amounts ranging, 
based on the total weight of the polymerizable monomers, from 5 to 1800 parts 
per million (ppm), preferably 100 to 800 ppm and more preferably 200 to 700 
ppm, 

5 Preferably, the phospbine catalyst is added to the monomer mixture as a 

solution in an appropriate solvent. Solvents that can be used are tetranydrofuran 
(THF), chloroform, water, N-methyl-2-pyrrolidone (NMP) and N, N- 
dimethylacetamide (DMAC). Preferred solvents are THF, NMP and DMAC. 

The polymerizable episulfide monomers of the invention have at least 
one episulfide functionality and preferably two ore more episulfide 
functionalities per molecule. 

Preferably, the polymerizable monomers baving at least one episulfide 
functionality are compounds having one or more episulfide structures 
represented by the following formula (EQ in one molecule : 



15 



R 2 R 3 
■R 1 C C R 4 QJ) 



\/ 

X 



In which R 1 represents a hydrocarbon group having 1 to 10 carbon 

20 atoms, R , R and R each represents an hydrogen atom or a hydrocarbon group 

* ■ 

having 1 to 10 carbon atoms, X represents S or O with the proviso that in the 
molecule the average number of S represented by X is about 50% of the total 
number of S and O constituting the three membered ring. 

A preferred class of polymerizable episulfide monomer is represented by 
25 compound of formula (TTT) : 
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,8 R 9 

s4-ch 2 C -C R 10 (HT) 

n \ / 



in which R 5 , R 6 , R 7 , R 8 , R 9 and R 10 each represents an hydrogen atom or 
a hydrocarbon group having 1 to 10 carbon atoms, X represents S or O with the 
5 proviso that, in the molecule, the average number of S represented by X is about 
50% or more of the total number of S and O constituting the three member 
rings, m represents an integer from 0 to 6 and n represents an integer from 0 to 
4. 

Preferably, R 1 in formula (H) represents a methylene group or ethylene 
group and R 2 , R 3 and R 4 in formula (H) and R 5 , R 6 , R 7 , R 8 , R 9 and R 10 in 
formula (HI) each preferably represents a hydrogen atom or a methyl group. It 
is more preferable that R 1 represents a methylene group and R 2 , R 3 , R 4 , R 5 ,R 6 ; 
R 7 , R 8 , R 9 and R 10 each represents a hydrogen atom 

The average number of S in each of formula (IT) and formula (TH) is 50% 
15 or more, preferably 90% or more, more preferably 95% or more and more 
preferably substantially 100% of the total number of S and O constituting the 
three member rings. 

Examples of these compounds include linear organic compounds such as 
bis(p-epithiopropylfhio)methane, l,2-bis(P-epithiopropylthio)ethane, l,3-bis(P- 
20 epithiopropylthio)propane s l,2-bis(P-epithiopropylthio)propane, 1-(P- epithio 
propyltmo)-2-(P-epitMopropylthiomethyl)propane, l,4-bis(p-epithiopropyl 
thio)butane, l,3-bis(p-epithiopropylthio)butane, l-(P-epithiopropylthio)-3-(P- 
epithiopropyltbiomehtyl)butane, l,5-bis(p-epitbiopropylthio)pentane, 1-(P- 
epi<MopropyltMo)-4-(p-epitMopropyltMomemyl)pentane, l,6-bis(P-epithio 
25 propyltbio)hexane, l-(p-epitmopropyltMo)-5-(p-epitMopropyltHomethyl) 
hexane. l-rB-eoitMooroovlthioVZ-r^-B-epiMopropvltMoemvl^ thiol ethane 
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andl-(p-epitMopropylfMo)-2-[[2-(2-p-epitMopropyl<Moethyl)fhioethyl] 
thiojethane ; branched organic compounds such as tetraMsO-epithio 

propylttoomemyl)methane, 1, 1, l-tris(3-epitiuopropyluiioinethyl)propane 3 1^. 
bis(p-epiuuopropylttao)-2<p-epitMop 1,5- 
5 : bis(p-epitMopropylthio)-2,4-bis^ -thiapentane, 1- 

(P-epitMopropyltbio)-2,2-b^ 156 _ 
tris(p-epitMopropylmio)-4^^ 1,8- 
bis(3-epifMopropyluno)-4<£-ep^ 18 _ 

bis(p-epitMopropyltMo)-4,5-bis(P-epito 
10 difhiaoctane, l,8-bis(P-epitlriopropylto^ 

3,6-dithiaoctane, l,8-bis(p-epitbiopropyltblo)-2,4,5-tris(p- 
epitHopropyltbiomethyl)-3,6-dithiaoctane, l,8-bis(P-epitiiiopropylthio)-2,5- 

bisCP-epitinopropyltMomethy^-S^-difliiaoctane, l,9-bis(p-epithiopropylthio)-5 
(P-epiuuopropyloiiomethyl^^ 

15 dilhianonane, 1,10 bis (3-epimiopropylnuo)-S,6-bis[2-p- 

epithiopropylthioetiiyOlMol-S^^-trithiadecane, 1, 1 l-bis(p-epimiopropylmio> 
4,8-bis(p-epitMopropyltMome%l)-3,6,9-tri<Maundecane, 1, 1 l-bis(p- 

epif!nopropyltMo)-5,7-bis(P-epifMopropyltJiio me%l)-3,6,9-triniiaTmdecane, 
141-bis(p-epithiopropylmio)-S^ 

* « * 

20 trifhiaundecane and 1, 1 l-bis(P-epithiopropylniio)-4,7-bis(p- 

epitMopropyltMomethyl)-3,6,9-tritiiiaundecane ; and compounds obtained by 
substituting at least one hydrogen atom of the episulfide group in the above 
compounds with methyl group, cyclic aliphatic organic compounds such as 1,3- 
and l,4-bis(^-epithiopropylthio)cyclohexanes, 1,3-and l,4-bis(0- 

25 epithiopropylmiomemyl)cyclohexanes, bis[4-(p-epithiopropyllhio) 

cyclohexyl]meuiane, 2 5 2-bis[4-(p.epifmopropylthio)cyclohexyl]propane, bis[4- 
(P-epithiopropylthio)cyclohexyl] sulfide, 2,5-bis(p-epithiopropylmiomethyl)- 
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1,4-dithiane and 2,5-bis(P-epithiopropylMoethy^ ; and 

compounds obtained by substituting at least one hydrogen atom of the 
episulfide group in the above compounds with methyl group and aromatic 
organic compounds such as 1,3- and l,4-bis(P-epithiopropylthio)benzenes, 1,3- 

5 and l,4-bis(p-epithiopropylthiomethyl)benzenes, bis[4-0-epithiopropylthio) 
phenyl]methane, 2,2-bis[4-(p-epithiopropyl1hio)phenyl]propane, bis[4-((3- 
epithiopropylthio)phenyl] sulfide, bis[4-(p-epithiopropylthio)phenyl]sulfone 
and 4,4 3 -bis((3-epithiopropylthio)biphenyl ; and compounds obtained by 
substituting at least one hydrogen atom of the episulfide group in the above 

10 compounds with methyl group. However, compound (a) is not limited to the 
above compounds shown as examples. The above compounds may be used 
singly or as a mixture of two or more compounds. 

A most preferred episulfide compound is bis-(p-epithiopropyl)sulfide of 
formula : 



15 



CH 2 — CH — CH 2 S CH 2 — CH- — -CH 2 (TV) 

V v 



These compounds are disclosed in EP 0.921.417. 

The polymerizable composition of the invention may include solely a 
20 polymerizable episulfide monomer or a mixture of polymerizable episulfide 
monomers or it may also optionally include one or more other monomer(s) 
copolymerizable with the episulfide monomer(s). In particular, it may include 
one ore more other monomer(s) having two or more functional groups which 
are reactive with the episulfide group(s) and/or . the epoxy group(s) of the 
25 episulfide monomers, a monomer having one or more functional groups which 
are reactive with the episulfide group(s) and/or the epoxy group(s) of the 
episulfide monomers and one or more other homopolymerizable functional 
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groups or a monomer having one homopolymerizable functional group which is 
reactive with the episulfide and/or the epoxy group. 

These other polymerizable monomers, when used in the polymerizable 
composition of the invention, may represent up to 50% by weight of the total 
5 weight of the monomers present in the composition and preferably 20% and 
more preferably 10% by weight or less of the total weight of the monomers 
present in the polymerizable composition. 

Among these other polymers, there , may be cited polythiol monomers 
having two or more, preferably two or three, thiol functions. 
io The polythiol monomers can be represented by formula (V) : 

R'(SH) n . (V) 

in which n' is an integer from 2 to 6 and preferably 2 to 3, and R' is an 
15 organic group of valency equal to n\ 

Useful polythiol monomers are those disclosed in EP-A-394.495 and US 
Pat. N°4.775.733 and the polythiols corresponding to the following formulas : ' 



20 



II 

.C. 

C^OOC^SH jT C 2 H 4 OOC 2 H 4 SH 

J j x O 

CsbUOOC^SH 
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HS~CH 2 -CH-CH 2 -0 \LJ) 9 (11/ 0-CH2-CH-CH 2 -SH 

OH CH 3 ^—^^ OH 



and 



C2H 5 C(CH 2 COOCH 2 CH 2 SH)3 



Among the preferred polythiol monomers there may be cited aliphatic 

r 

polythiols such as pentaerythritol tetraMs mercaptoproprionate. 1-(1'- 
mercaptoethylfhio)-2-3-diniercaptopropane 3 l-(2'-mercaptopropylthio)-2 5 3- 

10 dimercaptopropane, l-(3'-mercaptopropylthio)-2,3 dimercaptopropane, l-(4'- 
mercaptobutylthio)-2, 3-dimercaptopropane, l-(5 '-mercaptopentylthio)-2,3 
dimercapto-propane, l-(6'-mercaptohexylthio)-2,3- dimercaptopropane, 
l,2bis(^ , -mercaptobutylthio)-3-mercaptopropane J l 5 2-bis(5'- 
mercaptopentylthio)-3-mercaptopropane, l,2bis(6'-mercaptohexyl)-3- 

15 mercaptopropane, l,2 s 3-tris(mercaptomethylthio)propane, 1,2,3 -tris(3 9 - 

mercaptopropylthio)propane, l,2 > 3-tris(2 , -mercaptoethylthio)propane, 1,2,3- 
tris(4'-mercaptobutyltiiio)propane 9 l,2,3-tris(6 > -mercaptohexylthio)propane, 
methanedithiol, 1,2-ethanedithiol, 1,1-propanedithiol, 1,2-propanedithiol, 1,3- 
propanedithiql, 2,2-propanedithiol, l,6-hexanetinol-l,2,3-propanetrithiol, and 

20 l,2-bis(2'-mercaptoefhylthio)-3 -mercaptopropane. 

Preferred polythiol monomers are bis(2,2 , -1hioethyl)sxilfide, l,2bis(2'- 
mercaptoethylthio)-3-mercaptopropane andpentaeiythritol tetrakis 

mercaptopropionate. 

Among the other monomers, there may also be cited monomers 
25 including one or more (meth)acrylate functionalities. Examples of such 
monomers are benzyl acrylate, benzyl methacrylate, butoxyethyl acrylate, 
butoxymethyl methacrylate, cyclohexyl acrylate, cyclohexyl methacrylate, 2- 
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hydroxyethyl acrylate, 2-hyckoxyetiiyl methacrylate, glycidyl acrylate, glycidyl 
methacrylate, phenoxyethyl acrylate, phenoxyethyl methacrylate, phenyl 
methacrylate, 3-phenoxy-2-hy<koxypropyl acrylate, ethyleneglycol diacrylate, 
ethyleneglycol dimethacrylate, diefhyleneglycol dimethacrylate, 
5 triethyleneglycol diacrylate, 

triethyleneglycol dimetibacrylate, tetraethyleneglycol diacrylate, 
tetraethyleneglycol dimetnacrylate, polyethyleneglycol diacrylate, 
polyethyleneglycol dimethacrylate, neopentylglycol diacrylate, neopentylglycol 
dimethacrylate, ethyleneglycolbisglycidyl diacrylate, ethyleneglycolbisglycidyl 
10 dimethacrylate, bisphenol-A diacrylate, bisphenol-A dimethacrylate, 2,2-bis(4- 
acryloxyethoxyphenyl)propane,2,2-bis(4-memacryloxyethoxypheny^ 
2,2-bis(4-acryloxydiethoxyphenyl)propane, 2,2-bis(4-methacryloxydiethoxy 
phenyl) propane, bisphenol-F diacrylate, bisphenol-F dimethacrylate, l,l-bis(4- 
acryloxyethoxyplienyl)methane, 1, 1 -bis(4-memacryloxyethoxy phenyl) 
15 methane, l,l-bis(4-acryloxydiethoxyphenyl)methane, l,l-bis(4- 

metnacryloxydiethoxy phenyl)methane, 1, l-bis(4-methacryioxydiethoxyphenyl) 
methane, dimethyloltricyclodecane diacrylate, trimethylolpropane triacrylate, 
trimethylolpropane trimethtacrylate, glycerol diacrylate, glycerol 
dimethacrylate, pentaerythritol triacrylate, pentaerythritol tetraacrylate, 
io pentaerythritol tetramethacrylate, metliylthio acrylate, methylthio methacrylate, 
phenylthio acrylate, benzylthio methacrylate, xylenedithiol diacrylate, 
xyleneditbiol dimethacrylate, mercaptoemylsulfide diacrylate and 
mercaptoethylsulfide dimethacrylate ; allyl compounds such as allyl glycidyl 
ether, diallyl phthalate, diallyl terephthalate, diallyl isophthalate, diallyl 
5 carbonate and diethyleneglycol-bisallyl carbonate, vinyl compounds such as 
styrene, chlorostyrene, methylstyrene, bromostyrene, dibromostyrene, 
divinylbenzene and 3,9-divinyl-spiro-bis-(m-dioxane) ; and 
diisopropenylbenzene. 
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A prefexred (meth)acrylate monomer is 2-hydroxy-3-phenoxypropyl 
acrylate. 

The polymerizable composition according to the invention may also 
include additives which are conventionally employed in polymerizable 
5 compositions intended for moulding optical articles, in particular ophthalmic 
lenses, in conventional proportions, namely inhibitors, dyes, UV absorbers, 
perfumes, deodorants, antioxydants, antiyellowing agents and release agents. 

The perfumes allow the odour of the composition to be masked, in 
particular during surfacing or routering operations. 
10 In particular, usual UV absorbers such as those commercialized under 

the tradenames UV 5411®, UV 9® Tinuvin 400®, Tinuvin P® and Tinuvin 3 12® 
may be used in amounts generally up to 0.4% by weight of the total 
polymerizable monomers weight 

Also, the compositions of the invention preferably comprises release 
15 agents in an amount up to 0. 1% by weight of the total polymerizable monomers 
weight 

Among the release agents, there may be cited mono and 
dialkylphsphates, silicones, fluorinated hydrocarbons, fatty acids and 
ammonium salts. The preferred release agents are mono and dialkylphosphates 
20 and mixtures thereof. Such release agents are disclosed interalia in document 
US Patent N°4,662,376, US Patent N°4,675,328 and EP-271.839. 

The compositions of the present invention are very reactive at room 
temperature, and a gel can be obtained within a polymerization time of 1 to 60 
minutes, usually less than 15 minutes. 
25 In the following examples, unless otherwise stated, all the percentages 

and parts are in weight 

Example 1 and comparative examples CI and C2 
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Mixtures containing 9g of bis(p-epitMopropyl)sulfide (component A) 
and 0,5g of 2-hydroxy-3-phenoxypropylacrylate (component C) were placed in 
glass vials. To these mixtures, they were added a solution of different catalysts, 
the solvent and 0,5g of bis(2,2'-thioe<hyl)sul±lde (component B). The mixtures 
5 were stirred magnetically for about 10 seconds and then kept at room 
temperature without stirring. The polymerized materials have a thickness of 

■ 

about 5 mm and a diameter of about 46 mm. 

The nature and quantity of catalyst used, the nature of the solvent and the 
gel time are reported in Table I. 
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TABLE! 



Example N° 


Catalyst (ppm) 


Solvent 


Gel time (minutes) 


CI 


(f> 3 P (607) 


THF 


No gel after 1 hour 


C2 


(4-Me ({OsP (559) 


THF 


90 


"1 ~ 


(4-MeO <i>)3P (577) 


THF 


8 



foP : Triphenyl phosphine 

(4-Me <j>) 3 P : Tris(4-memylphenyl)phosphine 

(4-MeO $) 3 P : Tris(4-memoxyphenyl)phosphine 
Examples 2 to 5 



Several experiments were conducted as in example 1 using tris(4- 
methoxyphenyl) phosphine as catalyst and different percentages of the 
components A, B and C in the formulations. 

Monomer formulations and gel time are given in Table II below : 
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TABLE n 



Example N° 


Monomer Formulation (%) 
ABC 


Catalyst 
(ppm) 


Gel time (minutes) 


2 


99.36 0 0 


491 


20 


3 


89.38 4.88 5.21 


577 


8 


4 


89.42 5.05 4.91 


636 


7 


5 


89.40 4.95 5.04 


599 


9 



5 Examples 6 to 1 1 



Several experiments were carried out as in example 1 using tris(4- 
metiioxyplienyl)phosphine as catalyst and replacing component B by an 
equivalent weight of pentaeryfhritol tetrakis mercaptopropionate (component D) 
10 or l,2bis(2'-mercaptoemylthio)-3 mercaptopropane(component E). 

The formulations and results are given in Table HI : 



TABLED! 



Example 
N° 


Monomer Formulation (%) 

• 


Catalyst 
(ppm) 


Gel time 
(minutes) 




A 


B 


C 


D 

* 


E 






6 


88.61 




4.95 


5.65 




662 


13 


7 


89.22 


5.02 


4.98 . 




• 


600 


8 


8 


88.68 




4.93 


5.55 




573 


40 


9 


89.68 


4.51 


5.01 






577 


• 13 


10 


86.19 




4.98 




8.19 


584 


7 


11 


89.38 


4.88 


5.21 






577 


7 
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Examples 12 to 17 

Piano lenses were molded in piano molds having flat sides. The molds 
5 were closed with a tape material. The formulations used contained 36g of 
component A, 2g of component B, 2g of component C and variable amounts of 
tris(4-mefhoxyphenyl)phosphine catalyst dissolved in tetrahydrofuran The 
molded lenses were 5mm thick and 85 mm in diameter. 

The amounts of catalyst used and the gel times are given in Table IV 

10 

TABLE IV 



Example N° 


Catalyst (ppm) 


Gel time (minutes) 


12 


572 


90 < t <150 


13 


599 


10 


14 

* 


596 


10 


15 


628 


10 " 


16 


654 


6 


17 


687 


6 

> 



Examples 18 to 22 



2mm thick and 85 mm diameter lenses were molded using piano molds 
having flat sides from a formulation containing approximately 19.14 g of 
component A, 1.06g of component B and 1.07g of component C and variable 
amounts of tris(4-me&oxyphenyl)phosphine catalyst disclosed in l-methyl-2- 
pyrrolidone (NMP). The molds were closed with a tape material. 

Catalyst concentrations and resulting gel times are given in Table V. 
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TABLE V 



• 

Example N° 


Catalyst (ppm) 

- 


Gel time (minutes) 


18 


589 


. 26 


19 


602 


26 


20 


705 


20 


21 


904 


16 


22 


. 1190 


12 



Surprisingly, as shown, by Table V, higher amount of catalyst can be 
used when molding 2 mm thick piano lenses than 5 mm thick piano lenses 
5 without charring. 

While not being bound by any theory, it is believed that this result can be 
explained by the higher value of the ratio surface/volume in the case of the 
9:mm thick lenses resulting in a higher efficiency of the heat exchange during 
the exothermic polymerization reaction. 

■ 

10 As shown by the examples, episulfide monomer based: composition may 

be fast polymerized at room temperature using (aUcoxyphenyl)phosphine 
catalysts according to the invention. 
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1. A polymerizable composition comprising at least one polymerizable 
monomer having at least one episulfide functionality and an effective amount of 
a polymerization catalyst comprising a phosphine having at least one 
alkoxyphenyl group. 

2. The polymerizable composition of claim 1, wherein the 
polymerization catalyst is selected among phosphines of formula (1): 



10 



. (R')t 

[6] 




(OR)y 






z 


[C)\ 


P (I) 



15 



20 



25 



and mixtures thereof, 

in which R and R' are alkyl groups, x is an integer from 1 to 3, y is an 
mteger from 1 to 3, z is an integer from 0 to 2 with the proviso that x+y == 3, t is 
0, 1, 2 or 3. 

3. The polymerizable composition as in claim 2, wherein R is selected 
from Ci-Ce alkyl groups. 

4. The polymerizable composition as in claim 3, wherein R is CH 3 . 

5. The polymerizable composition as in claim 2, wherein x=3 and y=l. 

6. The polymerizable composition as in claim 5, wherein the alkoxy 
group is in position 4 of the phenyl ring. 

7. The polymerizable composition as in claim 2, wherein the 
polymerization catalyst is selected from : tris(3-memoxyphenyl)phosphine, 
tris(4-memoxyphenyl)phosphine, tris(2,6-dmiemoxyphenyl)phosphine and 
tris(2,4,6-trimemoxyphenyl)phosphine. 
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8. The polymerizable composition as in claim 1, wherein the 
polymerizable monomer having at least one episulfide functionality is a 
compound having one or more structures represented by the following formula 
(H) in one molecule : • 



R 2 R 3 



•R 1 6— C— R 4 (H) 

X 



in which R 1 represents a hydrocarbon group having 1 to 10 carbon 
atoms, R 2 , R 3 and R 4 each represents a hydrogen atom or a hydrocarbon group 
10 having 1 to 10 carbon atoms, X represents S or O with the proviso that in the 
molecule me average number of S represented by X is about -50% or more of 
the total number of S and O constituting the three-membered rings. 

9. The polymerizable composition as in claim 8, wherein X is S. 

10. The polymerizable composition as in claim 8, wherein the compound 
15 having one or more structures of formula (IT) comprises two structures of 

formula (II). 

i 1. The polymerizable composition in claim 10, wherein X is S. • 
12. The polymerizable composition as in claim 1, wherein the 
polymerizable monomer having at least one episulfide functionality is a 
20 compound represented by the formula (HI) : 

R 6 R 7 R 8 R 9 



R 5 — ■ — C p CH 2 S-H-CI-fe- 

\/ IV /» 




— CH 2 C -C R 10 0H) 

\/ 

X 



WO 02/24786 

PCT/EP01/11021 

19 

in which R 5 to R 10 each represents hydrogen atom or a hydrocarbon 
group having 1 to 10 carbon atoms, X represents S or O with the proviso that in 
the molecule the average number of S represented by X is about 50% or more 
of the total number of S and O constituting the three-membered rings, m 
5 represents an integer from 0 to 6 and n represents an integer from 0 to 4. 

13. The polymerizable composition as in claim 12, wherein X is S. 

14. The polymerizable composition as in claim 12, wherein the 
olymerizable monomer having at least one episulfide functionaHty is bis(p- 
epithiopropyl)suIfide. 



10 



me polymerizable composition as m claim 1 further comprising at 
least one other monomer copolymerizable with the episulfide monomer. 

16. The polymerizable composition as in "claim 15, wherein said other 
polymerizable monomer is a polytfaiol having two or more thiol functions. 

17. The polymerizable composition as in claim 16, wherein the polythiol 
15 compound is bis(2,2'-tMoemyl)sulfide, pentaerytbitol tetraMs 

mercaptopropionate or 1,2 bis(2'-mercaptoethylthio)-3 mercaptopropane. 

18. The polymerizable composition as in claim 15, wherein the said other 
copolymerizable monomer is a monomer having one or more (meth)acrylate 
functionalities. 

19. The polymerization composition as in claim 18, wherein said other 
monomer is 2-hydroxy-3-phenoxypropylacrylate. 

20. The polymerizable composition as in claim 15, wherein said other 
copolymerizable monomer represents 10% by weight or less of the total weight 
of the polymerizable monomers present in the composition. 

21. A cast optical article made of a polymerized composition as set forth 
in claim 1. 

22. An ophthalmic lens made of a polymerized composition as set forth 
in claim 1. 



20 



25 
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23. The cast optical article of claim 21 having a refractive index of at 



least 1.7. 



24. The ophthalmic lens of claim 22 having a refractive index of at least 



1.7. 



25. A process for fast polymerization at room temperature of a 
composition comprising at least one polymerizable monomer having at least 
one episulfide functionality which comprises adding to me composition an 
effective amount of a catalyst selected from phosphines of formula (I) : 



10 




J z 




CO 



and mixtures thereof, 

in which R and R' are alkyl groups, x is an integer from 1 to 3 and y is an 
integer from 1 to 3, z is an integer from 0 to 2 with the proviso that x+y = 3. 
15 26. The process of claim 25, wherein the polymerization catalyst is 

selected from tiis(4-memoxyphenyl)phosphine, tris(2,6^hmemoxyphenyl) 
phosphine and tris(2,4,6-trhnemoxyphenyl)phosphine. 

27. The process of claim 25, wherein the polymerization catalyst is 
rris(4-memoxyphenyl)-phosphine. 



BNSDOCID: <WO 0224788A2 I > 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
28 March 2002 (28.03.2002) 




PCT 




III 



III 




(10) International Publication Number 

WO 02/024786 A3 



(SI) International Patent Classification 7 : 
75/08, G02B 1/04 



C08C 75/00, 



(21) International Application Number: PCT/EP01/1 1021 

(22) International Filing Date: 

24 September 2001 (24.09.2001) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

09/669,099 25 September 2000 (25.09.2000) US 

(71) Applicant (for all designated States except US): ES- 
SILOR INTERNATIONAL COMPAGN1E G EN- 
ERA LE D'OPTIQUE [FR/FRJ; 147 rue de Paris. 
F-94227 CHARENTON cedex (FR). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): JALLOULI, Aref, 
Ben, Ahmed, [TO/US]; 13433 1 04th Avenue N., LARGO, 
FL 33774 (US). KEITA, Gabriel [FR/US]; 394 Fountain 
View Circle, OLDSMAR, FL 34677 (US). WEBER, Steve 
IUS/USJ; 14045 Egreel Line, CLEARWATER, FL 33762 
(US). TURSHANI, Yassin [US/US]; 8073 Somerset 
Drive, LARGO, FL 33773 (US). 

(74) Agents: CATHERINE, Alain et al.; Cabinet HARLE et 
PHELIP, 7 rue de Madrid, F-75008 PARIS (FR). 



(81 ) Designated States (national)- AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ. CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD. GE, GH, 
GM, HR, HU. ID. IL, IN, IS. JP, KE, KG, KP. KR. KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, PH, PL, PT, RO, RU, SD, SE, SG, SI, 
SK, SL, TJ, TM, TR, TT, TZ, UA, UG, US. UZ, VN, YU, 
ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW). Eurasian 
patent (AM, AZ. BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, 
TG). 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to he republished in the event of receipt of 
amendments 

(88) Date of publication of the international search report: 

4 Julv 2002 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



< 

00 



r4 



(54) Title: EPISULFIDE BASED POLYMEPJZABLE COMPOSITION CATALYZED BY AN (ALKOXYPHENYL)PHOSPHINE 

o 

£^ (57) Abstract: The room temperature polymerizablc composition comprises at least one polymenzable monomer having at least 
^ one episulfide functionality and an efFcctive amount of at least one (alkoxyphenyl)phosphine polymerization catalyst. 



BNSDOCID: <WO 



0224786A3 1 > 



ir~ERNATIONAL SEARCH REPORT 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 C08G75/00 C08G75/08 G02B1/04 



Int Clonal Application No 

PCT/EP 01/11021 



According to Int ernational Palent Classification (IPC) or to both national classification and IPC 
B. FIELDS SEARCHED ~~ ' " " 

Minimum docurnentatfon se | r ^d (classification system followed by classification symbols) 



Documentation searched other than minimum documentation to the extent that such documents 



are included in the fields searched 



Electronic data base con su Ilea curing the intematk>na» search (n ame of data base and, where practical, search terms used) 

EPO-Internal , WPI Data, PAJ, CHEM ABS Data 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document, with indication, where appropriate, of the relevant 



passages 



A 



A 



EP 1 024 223 A (MITSUBISHI GAS CHEMICAL 
CO) 2 August 2000 (2000-08-02) 
page 20; example 70 

DE 18 14 640 A (ETHYLENE-PLASTIQUE ) 
31 July 1969 (1969-07-31) 
examples l-ll 

GB 893 314 A (ILFORD LTD) 
4 April 1962 (1962-04-04) 
example 12; table 1 
column 1, line 40 - line 43 

GB 1 077 958 A (ICI LTD) 
2 August 1967 (1967-08-02) 
example 1 

-/-- 



Relevant to claim No. 



1-27 



1-27 



| X J Furth er documents are listed in the continuation of box C. 
Special categories of cited documents : 

"A- document defining the general state of the art which is not 
considered to be of particular relevance 

•E" earlier document but published on or after the international 
nnng date 

"L* document which may throw doubts on priority ciaimfs) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

•O' document referring to an oral disclosure, use, exhibition or 
other means 

'P* document published prior to the international filing date but 
later than the priority date claimed 

Date of the actual completion of the international search 

22 April 2002 

Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswifk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl. 
Fax: (+31-70)340-3016 

Form PCT/ISA/210 (second sheet) (July 1992) 



1-27 



1-27 



[X 1 Pa,ent family members are listed in annex. 

%T * ^fnn^^?/" 1 ?^ afler tne International filing date 

16 and not ,n conflfcl with tne application but 

Slentton the Princip,e or theofy wSS «£ 

•X" document of particular relevance; the claimed invention 
™™l * considered novel or cannot be considered ?o 
involve an inventive step when the document is taken alone 

d °f"^ n *°!P a ^cular relevance: the claimed invention 

ScCn^em ?K VO,ve 371 inventlve st *P *nen the 

rSSST^ £ com ? ,ned w,tn one or more other such docu- 
Sthe art COmbination ^^fl obvious to a person skilled 

document mem ber of the same patent family 

Date of mailing of the international search report 

07/05/2002 

Authorized officer 



O'Sullivan, T 



BNSDOCID: <WO 02247B6A3J_> 



page 1 of 2 



1< 



IP~ERNATIONAL SEARCH REPORT 



lm jtional Application No 

PCT/EP 01/11021 



C(Contlnuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 6 



Citation ot document, with indication. where appropriate, ot the relevant passages 



EP 0 442 568 A (SHELL INT RESEARCH) 
21 August 1991 (1991-08-21) 
claim 1 



Relevant to claim No. 



1-27 



Form PCT/ISA/210 (continuation of second sheet) (Juty 1992) 
BNSDOCiD: <WO 0224786A3 I > 



page 2 of 2 



I>' ERNATIONAL SEARCH REPORT 

information on patent family members 



Patent document 
cited in search report 



Publication 
date 



EP 1024223 



02-08-2000 



DE 1814640 



31-07-1969 



GB 893314 



04-04-1962 



GB 1077958 



02-08-1967 



EP 0442568 



21-08-1991 



Int 



-.tional Application No 

PCT/EP 01/11021 



Patent family 
member(s) 



Publication 
date 



EP 
JP 
US 
JP 



1024223 A2 
2000281787 A 

6365223 Bl 
2000345480 A 



BE 
DE 
FR 
GB 
NL 
US 



724123 A 
1814640 Al 
1591837 A 
1167079 A 
6817933 A 
3644302 A 



NL 


121699 C 


NL 


260337 A 


NONE 




JP 


2767310 B2 


JP 


3239718 A 


CA 


2036414 Al 


DE 


69115074 Dl 


DE 


69115074 T2 


EP 


0442568 A2 


ES 


2080232 T3 


US 


5089543 A 



02-08-2000 
10-10-2000 
02-04-2002 
12-12-2000 



02-05-1969 
31-07-1969 
04-05-1970 
15-10-1969 
17-06-1969 
22-02-1972 



18-06- 
25-10- 

17- 08- 

18- 01- 
29-08- 
21-08- 
01-02- 
18-02- 



-1998 
1991 
1991 
1996 
1996 
1991 
1996 
1992 



